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TSENG & SAFA (1981) have reported the
use ofprimary cultures to study the effects
of tamoxifen on a cell subpopulation
of the 7,12-dimethylbenz(x)anthracene
(DMBA)-induced rat mammary tumour.
A similar system has been used to study
the effects of thiotepa on a different sub-
population.
Thiotepa (triethylenethiophosphora-
mide, Lederle) is a polyfunctional alkylat-
ing agent which has been used clinically in
treating adenocarcinoma of the breast
and ovary, intracavity serous effusions,
lymphomas, and bladder carcinoma. Its
radiomimetic action is believed to be due
to the release of ethylenimine radicals
which disrupt the bonds of DNA.
Certain solid tumours are known to be
composed of a heterogeneous population
of cells, displaying distinct biological
properties (Dexter et al., 1978) and pos-
sibly different sensitivities to various
chemotherapeutic agents. Treatment of
primary cultures of these cell subpopula-
tions with chemotherapeutic agents may
be useful in predicting the response of the
original tumour to therapy. To evaluate
this possibility with thiotepa, mammary
parenchymal cells from DMBA-induced
tumoursweremechanicallyandenzymatic-
ally dispersed, separated (enriched) on a
Ficoll density gradient, and cultured in
monolayer. The effects of thiotepa on cell
growth kinetics, thymidine labelling index,
and the fine structure of the cultured cells
are reported and discussed here.
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Mammary tumours were induced in
adult female Sprague-Dawley rats by
gastric intubation of DMBA (Huggins
et al., 1961). Eighty-five per cent of the
treated rats developed mammary tumours
within 6 weeks. Cell subpopulations of
these tumours were separated by isopycnic
centrifugation on a continuous Ficoll
gradient (5-30%o w/v) after mechanical
and enzymatic dispersion of the tumour
tissue in Medium 199 (M199) with HEPES
buffer (pH 7.2), containing collagenase
0-10%, hyaluronidase 0 0866%, and soybean
trypsin inhibitor 0-001%, for 60 min at
37°C on a shaking metabolic incubator
(2 cycles/sec). Four to 6 distinct cell bands
were routinely obtained. Primary cell
cultures from the third band, previously
found to be enriched with epithelium-like
cells, were initiated by plating 6 x 105
viable cells per 16mm-diameter well in
multiwell plates (Falcon Plastic). The
cells were diluted in 0 5 ml M199 supple-
mented with 10% foetal calf serum,
hormones (prolactin, 1 Hg/ml; cortico-
sterone, 1 ,ug/ml; insulin, 5 jg/ml), and
antibiotics (penicillin, 10,000 u/ml; strep-
tomycin, 10,000 ,ug/ml; fungizone, 25 ,tg/
ml). The cultures were grown for 4 days
at 37°C in a high-humidity incubator in
an atmosphere of 95% air-5 CO2.
To establish a dose-response curve in
the log phase ofgrowth (72 h after plating),
thiotepa at concentrations of 10-2-10-6M
in supplemented growth medium was
added to the cultures. Control culturesIN V'ITRO RESPONSE OF RAT MAIMMARY TUMOUR TO THIOTEPA
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FIG. 1. Dose-response curve of primary
culture cells. Each point represeints the
average oftriplicate counts of cultured cells
obtained from a single tumour, expressed as
a percentage of the control. Eight tumours
were used to coinstruct the curve.
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Fic. 2. Effect of thiotepa on [3H]dT incor-
poiation. Each point, obtained by counting
at least 3000 cells, represents the proportioii
of S-phase cells as a percentage of those in
the control.
were refed with supplemented M199.
Twenty-four hours later the medium was
removed, the cells were washed twice
with M199, and attached cells were
removed by a lh treatment with a trypsin-
Versene mixture (200 mg Versene and 500
mg trypsin "1: 250" per litre in a balanced
salt solution without calcium and mag-
nesium). Cells were counted with a Coulter
counter. The number of attached cells
after treatment with varying concentra-
tions of thiotepa was expressed as a
percentage of the control value (Fig. 1).
The thymidine-labelling index (LI), which
reflects the proportion of cells in S phase,
was determined autoradiographically for
each culture sample after a 30min pulse
of 1 ,uCi [3H]dT in 0 5 ml of supplemented
M199. After 2 washes with M199, fixation
with 10% neutral buffered formalin, and
dehydration through a graded series of
alcohols, the flat bottoms of the culture
wells were cut out, mounted cell-side up
with Permount on glass slides, and dipped
in Kodak NTB-2 nuclear-track emulsion
diluted 1:1 with double-distilled water.
The emulsion-coated slides were stored
in the dark at 4°C for 4-6 days with
desiccant. After standard photographic
development, the slides were stained with
haematoxylin and eosin. The number of
cells in S phase, as a percentage of the
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control cells, was determined after count-
ing at least 3000 cells (Fig. 2).
For ultrastructural analysis, trypsinized
cells were immersed in a glutaraldehyde-
paraformaldehyde fixative for 1 h at 4°C.
After an overnight wash in 10% cacodylate
buffer (pH 7.3) the cells were post-fixed
in 1% osmium tetroxide and embedded in
Araldite 502. Sections were stained with
uranyl acetate and lead citrate before
being examined with a Philips 300 electron
microscope.
Of the 3 parameters studied the most
obvious changes were in the rates ofDNA
synthesis as determined by LI. At 10-2M
thiotepa, none of the remaining attached
cells incorporated [3H]dT during the pulse
labelling (Fig. 2). While the percentage of
cells in S closely approximated the per-
centage of attached cells after treatment
with 10-6M thiotepa (Fig. 1), the LI
curve declines more sharply than the dose-
response curve.
Corroborating the LI data, ultrastruc-
tural analysis revealed no viable cells
remaining after 10-2M thiotepa. Those
cells that survived intermediate doses
(i.e. 10-3-10-5M) displayed few ultra-
structural changes. However, occasional
degenerating mitochondria, vesicles, amor-
phous patches of cytoplasm, and mem-
branous whorls were seen (Fig. 3). No
nuclear changes were evident, but micro-
villi appeared less numerous on the cell
surface. A concomitant increase in "bare"
plasmalemma or surface with small bulges
was seen. At the lowest concentration
(10-6M), which showed little cytotoxicity,
the cells could not be distinguished from
controls.
Our findings after thiotepa treatment
are consistent with those reported by
Barton & Barton (1965, 1968) in fibro-
sarcoma and mammary-tumour cells.
Similarly, Murphy et al. (1978) observed
degenerative cellular products in uro-
thelium. Interestingly, membranous
whorls also occur in tamoxifen-treated
cultures of DMBA-induced tumour cells
(Tseng & Safa, 1981). It is possible that
such membranous accumulations repre-
sent a final intracellular site of drug
metabolism. Definite conclusions, how-
ever, would require tracer studies.
Our cell-kinetic data indicate that
growth inhibition of the selected DMBA-
induced tumour-cell subpopulation in cul-
ture by thiotepa is dose-dependent. Mar-
(.) (b))
FIG. 3.-(a) A typical DMBA-induced mammary tumour cell from a control culture. Large surface
indentations, some lined by microvilli (arrows), are evident. Note the slightly dilated RER and
small electron-opaque lipid droplets. x 3250. (b) Thiotepa-treated cells frequently accumulate large,
clear cytoplasmic vesicles (V) and myelin bodies (M). x 3100. Insert shows a portion of a cell con-
taining many degenerate mitochondria (arrows). x 3200.
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torelli et al. (I969) demonstrated dose-
dependency of human breast carcinomas
in tissue culture. Our assay ofcell survival,
based on uptake of [3H]dT by the DNA
of the monolayer cultures after exposure
to thiotepa, is consistent with previously
published reports (Freshney et al., 1975).
The ultrastructure of the treated cells
suggests that thiotepa, with its anti-
mitotic activity, is also cytotoxic. Pro-
vided that in vivo data correlate well with
oiir in vitro system, we may be better able
topredict theoverallresponseofmammary
tumours to chemotherapy with alkylating
agents by studying the effects ofthiotepa
on the various cell subpopulations of the
DMBA-induced rat mammary tumour.
Thiotepa sensitivity in. different cell
subpopulations of mammary tumours
was not evaluated in this study. However,
using primary cell cultures derived from
the 4th cell band on the Ficoll gradient,
our laboratory has reported the kinetics
and ultrastructure of cells resistant to
tamoxifen (Tseng & Safa, 1981) and
methotrexate (Safa & Tseng, 1981). Like
the present study, a good correlation was
found between cell kinetics and labelling
index. The fine structure of the surviving
cells, however, appeared to be distinct
from that of the thiotepa-resistant cells.
Indirectly, our study also supports the
concept of cell heterogeneity in solid
tumours.
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